Semi-parametric Engel curves are used to infer bias in the Canadian CPI as a Cost of Living Index. The budget share of food has long been used as an indicator of welfare. We compare households with the same levels of CPI deflated total expenditure over the period 1978-2000. Differences in the expenditure share of food are attributed to the CPI failing to capture changes in wealth. We employ a novel econometric approach using a single index penalized linear spline model. We find that the CPI overstated changes in the cost of living by an average of 1.81% and 0.785% for single and two adult households respectively.
Introduction
Consumer Price Indices (CPI) are constructed for a number of reasons 1 . Two of the most important are as a Cost of Living Index (COLI) and as a measure of general inflation.
However, these indices may not necessarily serve both purposes equally well. These two phenomena are quite different and arise from different sources. Inflation can be the result of too much printed money pursuing too few goods, which inflates the general price level. Increases in costs of living may be the result of changes in relative prices, with or without a change in the speed of money printing. Moreover, costs of living may change when new goods appear or old disappear or when quality improves or deteriorates. This research asks how well the CPI actually mirrors changes in the costs-of-living.
Understanding the extent to which the CPI captures or fails to capture changes in the cost of living is a crucial public policy question. The government indexes a number of programs to the CPI, such as the Canada Pension Plan, in an effort to maintain recipients' standard of living. Indeed, the CPI affects every Canadian directly; as of 2004, federal tax brackets have been indexed to the CPI.
We build on work by Hamilton [2] and Costa [3] by using Engel curves to estimate bias in the CPI as a COLI. The intuition here is straightforward and borrows from the literature on estimating household equivalence scales (in particular from Yatchew et al. [4] ). The idea of using food expenditures as an indicator of welfare has a long history in economics. Engel's original notion is that households are assumed to be equally well off if and only if they dedicate the same share of their budget to food.
Rather than focusing on the differences in food expenditures between household types, we study the differences in food expenditures between time periods for the same household types. Controlling for changes in the price of food relative to the prices of all other goods, we compare demographically similar households with the same level of CPI deflated total expenditures at different points in time and then compare the share of total expenditures dedicated to food. For these households, differences in food's share of total expenditures are attributed to the CPI's inability to measure changes in the true cost of living.
As pointed out by Hausman [5] , this approach accounts for two sources of bias: outlet and substitution bias. Outlet bias occurs when the when prices are not measured by the statistical agency where consumers are actually making their purchases (See White [6] for a discussion in the Canadian context). Substitution bias occurs when a fixed CPI basket fails to reflect the consumer's ability to substitute in response to changes in relative prices. However, this methodology neglects two other important sources of bias, new product introduction and quality change. Estimates of bias obtained in this manner, can therefore be thought of as a lower bound on the bias in the CPI.
Focusing on food expenditures offers a number of advantages: It leverages the empirical regularity known as Engel's law, which states that ceteris paribus, the budget share for food declines with total expenditure. Food prices are relatively easy to measure. In addition, contrary to many durable goods that present a host of measurement problems, food is perishable and therefore food expenditure in each period should closely track food consumption.
This research differs substantially in econometric approach from Hamilton and Costa by estimating a semi-parametric model that imposes far less structure on the estimation problem, allows a more direct estimation of potential bias and as a result is easier to interpret. In addition, we also differ from previous work by focusing specifically on Canadian data. To the best of our knowledge this is the first study to apply the Engel curve approach to Canadian data and one of the few to look at bias in Canadian cost of living measures.
Model
We begin by writing the food share for household i in period 
This form is similar to those proposed by Blundell et al. [7] which was subsequently employed by Pendakur [8] and Yatchew et al. [4] to estimate household equivalence scales.
As previously noted, we do not observe the true cost of living index, p t,s , rather we observe the CPI at time t, P t,s , which we model as a true cost of living index measured with error Δ t,s :
Rewriting in terms of observable components yields: 
Data
The data used in this paper are drawn from the public-use microdata files of the Survey of Family Expenditures for the years 1978, 1982, 1984, 1986, 1990, 1992, 1996 and the successor survey, the Survey of Household Spending for 1997, 1998, 1999 and 2000.
For each survey, we selected single adult and two adult households in urban (100,000+)
areas where the respondent was between the ages of 18 and 64. These groups were the most consistently defined homogenous household types across all survey years. This yields the following sample sizes. Rather than using the ad-hoc approach of deleting data points that seemed suspect, we used the following winsorization technique. For each survey, households with food and total expenditures below the 5 th percentile or above the 95 th percentile were recoded to be equal to value of the percentile they exceed. This approach has the advantage of leaving the median unchanged and preventing a number suspect data points from potentially influencing the results. We can see that in each case the curve lies entirely below the reference curve. In addition the gap between the curves appears to be growing over time. This is consistent with the CPI failing to capture increases in wealth over time. These assumptions permit us to write the following estimating equation in matrix form:
where, for identification purposes, the coefficient on Y (an n vector of household total expenditures) is normalized to be equal to one. W is the n vector of food expenditure shares, Z is an n by q matrix of dummy variables, one column for each year beyond the reference year, δ is the q by 1 vector of bias parameters to be estimated, This model is estimated using a single-index penalized linear spline (p-spline) technique developed by Yu and Ruppert [9] . This approach offers a parsimonious means of estimating the model described above. It eliminates the need to execute a computationally expensive grid search of a q dimensional space for various choices of a smoothing parameter as is necessary in methods which rely upon Robinson's double residual approach [10] .
The p-spline model was proposed by Ruppert and Carroll [11] and is exposited in Ruppert, Wand and Carroll [12] . This estimation technique uses a truncated power function basis of degree p for the component u that is to be modeled nonparametrically:
with K knot points denoted
otherwise. For tractability we choose
In order to prevent over fitting, the influence of the extended basis function
p is constrained by the use of a penalty function. For the purposes of this paper we adopt a simple quadratic penalty function We write the mean function of the estimation problem as:
where € θ is a K+3 vector of parameters on the elements of the power function basis.
We then minimize the penalized criterion function:
using nonlinear least squares where the roughness penalty 
Now minimize
in order to obtain initial estimates of We follow Horowitz's [16] dictum to use an asymptotically pivotal statistic to estimate the probability distribution of the bias estimate: the percentile t bootstrap confidence interval. For each bootstrap sample we calculate the t-statistic,
The function is then jointly minimized with respect to both
is the standard error and the superscript B indicates that this is the bootstrapped estimate.
The resulting estimates are sorted and the 0.025 th and 0.975 th quantiles are denoted
and € q .975 respectively. This yields 95% percentile-t confidence intervals of the form:
The standard bootstrap is not consistent in the presence of heteroskedasticity of unknown form. Following Hardle [17] we employ the "wild" bootstrap and construct the percentile-t confidence intervals for the parameters of interest. Each bootstrap sample is constructed in the following manner. For each estimated residual € ˆ ε i , we draw from a twopoint distribution that takes on the value
( ) 2 with probability 
Results
For each household type we report the number of effective parameters (df FIT ,), the value of the generalized cross validation criterion (GCV) for the chosen roughness penalty ( The number of effective parameters df FIT , is a measure proposed by Hastie and Tibshirani [18] which corresponds to the trace of the smoothing matrix. We see that the partial linear penalized spline approach reduces the dimension of the fit relative to estimating each coefficient separately.
For both samples, the bias is significantly different from zero in every year. We report the coefficient, standard error and percentile-t confidence intervals. The confidence intervals for the € ˆ δ terms are slightly skewed to the left and the confidence interval about relative prices is slightly skewed to the right. The parameter estimates are all significantly different from zero at the 0.01 percent confidence level. The point estimates of the bias are larger for single adult households than for two adult households for most years.
Discussion
Using the parameter estimates calculated above, we can infer the cumulative implied bias according to formula. Table 8 reports estimated cumulative biases and their standard errors obtained via the delta method. These averages hide considerable year-to-year variation in the estimated average annual bias (see Table 9 ). In particular, for the most recent survey years the CPI seems to understate the true cost of living index. 
Conclusions
In this paper, we use Engel curves to estimate bias in the Canadian CPI as a true cost of living indicator. We find that the CPI overstated the increase in the cost of living by 46.7% for single adult households and 49.1% for two adult households over the period 1978-2000. Using household expenditure survey data for these years, we confirm findings from earlier research in the United States that the CPI overstates the true cost of living for the entire period. In other words, in terms of their expenditure on food, households are behaving as if they were wealthier than the CPI would suggest.
It is interesting to note that the estimated bias is negative from 1997 to 1999 for Two
Adult Households and 1998 to 2000 for Single Adult Households. The causes of this decline (which suggests that the CPI is understating the cost of living increases for those years) bears further research.
Our results suggest that over the period 1978-1997, recipients of government programs indexed to the CPI, were being overcompensated relative to the increase in the cost of living. Since 1997 there is some evidence that recipients are being undercompensated.
One possible explanation is the increase in the cost of housing in the final years of our sample period.
Our econometric approach is novel in that we impose only the minimal structure on the estimation and inference required to quantify the magnitude and the variability of the bias. The result is a model which is computationally efficient, straightforward to implement and easy to interpret. 
